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This article presents the results of energy planning in a hotel in the city of Barranquilla, Colombia, according to ISO 500001 
standard methodology. The energy performance of the hotel was assessed, a low capacity for energy management was 
found and the main electricity consumers were identified and several energy-saving measures associated to bedrooms 
management and air conditioner operation were proposed and implemented reaching a 19,3 % of energy-saving. Also, a 
methodology to energy planning in hotels also was proposed and validated 
 





The tourism sector is among the most dynamically growing 
internationally [1]. The World Tourism Organization 
estimates an annual growth of 3.3% for the period 2010-2030 
and a contribution of 5% of the total global carbon dioxide 
emissions for the same period [2, 3]. 
 In several countries, buildings for hotels are among the 
largest consumers of energy  [4]. Energy consumption in 
hotels is generally one of the highest operating costs [5, 6, 7], 
only exceeded by personnel costs  [8, 9, 10, 17]. Therefore, 
the efficient use of energy is a key opportunity to reduce costs 
and improve the competitiveness of hotels, contributing to the 
environment and improving their business image [8, 9, 10].  
 A study carried out in hotels in southern Europe revealed 
a potential for savings of 25% to 30%, especially in hotels 
with high electricity consumption [11, 12]. Potential savings 
were also estimated between 15% and 20% for heating, 
between 5% and 30% for air conditioning and refrigeration, 
and between 7% and 60% for lighting [11]. The buildings 
destined to be hotels have their own characteristics since their 
main objective is to guarantee the comfort of guests in all their 
services and at all times [1, 13], which influences the uses of 
energy [11] and has high potential savings [11, 9, 14].  
 Energy management has made significant progress in 
many countries [15, 16, 17, 18, 5, 19, 9, 8]. However, it is not 
common to find energy planning programs, sustainability, 
and research reports in the specialized literature of hotels in 
Latin America in the Caribbean region, particularly in 
Colombia.  
 The tertiary sector in Colombia represents around 6% of 
total energy consumption and is the most dynamic. Its growth 
rates in recent years are between 7% and 12% annually, the 
hotel subsector being the third line of exports and the first in 
the tertiary sector, with a growth forecast of 5% per year until 
2030 [20]. In Colombia, tourism priorities are established 
through the tourism sector plan 2014-2018 [21, 22]. However, 
it does not directly address the issue of energy efficiency (EE) 
as one of the possible actions to improve competitiveness in 
hotels [10, 13] and only gives general recommendations for 
energy savings [22]. 
 The paper is focused to propose a methodology to energy 
planning in conditions of hotels in Colombian tropical 
conditions, the methodology is applied and validated in a 
hotel in Barranquilla with a significant energy saving results 
throughout energy-saving measures identified and applied 





In 2011, with the approval of the ISO 50001 standard, an 
international standard was arranged that establishes the 
general requirements of an Energy Management System. The 
ISO 50001 standard proposes four basic stages that are: (1) 
Energy policy, (2) Energy planning, (3) Implementation and 
(4) Verification. All the stages are inserted in a cycle of 
continuous improvement [23, 5, 24]. This study was carried 
out in a hotel in the city of Barranquilla-Colombia, following 
the steps of energy planning stipulated in the ISO 50001 
standard (see figure 1), and as a methodology, the energy 
indicators ISO 50004 and ISO 50006 [23, 5]. In figure 1, the 
energy planning diagram is shown. 
 Energy planning consists of three components that are: 
Entries, energy review and outputs (see figure 1). The entries 
consist of an analysis of historical and current energy 
consumption, and the identification of the variables that affect 
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production or activity with the energy consumption, the 
significant areas of energy consumption and savings 
opportunities are identified. Finally, the outputs of the process 
are: the baseline, the energy indicators, the objectives, the 
goals and the action plan [25]. Figure 1, next to each 
component of the energy planning, shows the number of the 
section where it is developed. In this study, the tools proposed 
in the ISO 50001 standard and the specialized literature were 
used: The energy management evaluation matrix (see table 1 
and figure 2) [26], analysis of energy consumption with 
production (see figure 3) [27, 9, 28, 29], scatter and 
correlation diagrams for the baseline and target line (see 
figure 4) [28, 23, 30], Pareto diagrams for the load and 
identification census of the most significant consumptions 
and of the areas of interest (see figure 5 and 6) [28, 23]., base 
energy indicator 100 (see figure 8) (ISO, 2011) and CUSUM 
control charts (see figure 9) [28, 23]. 
 
 
Fig. 1. Components of energy planning in a hotel [23] 
 
 In relation to the technical procedures to carry out the 
energy measurements and technical studies on the equipment 
and facilities of the hotel, the technical regulation of electrical 
installations RETIE was used [21]. The measuring 
instruments were: A PQA824 electrical network analyzer 
which complies with the measurement and recording of the 
network parameters according to EN50160 Standard, a digital 
voltmeter MT4W-DV-41 with input ranges of 50, 250 mV / 1 
, 5, 10, 50, 100 500 V DC, a digital thermohigrometer LM-
81HT for ranges of relative humidity of 10-95% RH and with 
a thermal camera FLIR E4 [31] with a precision of 2%. 
 
 
2. Case study 
 
The object of study is a hotel located in the city of 
Barranquilla-Colombia with an ambient temperature between 
23.2 to 33 ° C and relative humidity between 77% and 90%. 
The hotel has 91 rooms, a Lobby Bar with internal and 
external exit, a swimming pool, a kitchen, a laundry, a 
warehouse, an executive lounge with capacity for 100 people, 
and a parking lot. The technological equipment includes nine 
condensers, 91 mini split units with temperature and flow 
controllers located in each room, four freezers, four 
refrigerators, two washing machines, a dryer, two motor 
pumps, a LED lighting system and an electric motor running 
24 hours a day, 365 days a year. The study time established in 
this investigation involves the months from April 2015 to 
February 2017. 
 
2.1 Diagnosis of the energy level management 
In order to know the current status on the general aspects such 
as energy policy, organization, motivation, information 
system, marketing and investment relating to energy 
management in the hotel, a diagnosis was made through a 
matrix of competence on the hotel’s energy management [10, 
26]. For this, interviews were carried out with the personnel 
in charge of the maintenance and the management of the 
hotel, which allowed each of the evaluated aspects to be rated. 
 
Table 1. Energy Management Matrix [26, 32, 33]. 










policy, action plan and 
regular review have 
commitment of top 
management as part of 
a corporate strategy.  
Formal and informal 
channels of 
communication 
regularly exploited by 
energy manager and 
energy staff at all 
levels 
Comprehensive 








value of energy 














but no active 
commitment from top 
management 
Energy committee 
used as main channel 
together with direct 


















management policy set 
by energy manager  
Contact with major 




based on supply 
meter data 
Energy unit has 
adhoc involvement 






An unwritten set of 
guidelines. Energy 
management the part-
time responsibility  
Cost reporting based 
on invoice data 
Energy manager 
compiles reports 
for internal  
Informal contacts 




0 No explicit policy. No energy manager  No information system 
No accounting for 
energy 
consumption 
No promotion of 
energy efficiency 
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Fig, 2. Result of the self-assessment of the Energy Management Matrix. 
 
 The result shown in the figure shows a low level of 
management. Only the Tracking, monitoring and reporting 
systems reach level 2, the rest of the systems are in level 1 
(below average) on a scale of 0 to 4 
  Therefore, in the hotel there is an incipient level of energy 
management with few human resources professionally trained 
in energy management, there are no records of energy 
indicators, sound energy policies, or effective control of 
energy resources since its inauguration and commissioning in 
2015. 
 
2.2 Analysis of energy consumption and occupancy in the 
hotel 
Figure 3 shows the correspondence between the monthly 
behavior of energy consumption and the day occupancy 
rooms (HDO) between April 2015 and March 2016, so the 
relationship between both variables can serve as an indicator 
of energy efficiency [5]. In addition, the probability that, 
when the hypothesis that HDO do not influence the variability 
of electricity consumption is true, is not true because the p-
value is less than 0.05. 
 
Fig. 3. Behavior of energy consumption and occupation level. 
 
 Figure 3 shows that when the HDO is increased, its 
activity increases and, therefore, it needs a greater number of 
equipment operating, to maintain the comfort of its guests. In 
April, there are no festivities, strategies, or tourist attractions 
that stimulate the massive arrival of guests, however, HDO 
and electricity use increases as June approaches the arrival of 
guests who wish to spend family vacations in Barranquilla . 
In July, there is a slight decrease in electricity consumption 
due to a decrease in HDO, nevertheless its behavior is due to 
the hotel develops strategies in HDO prices to try to attract 
more guests and maintain what it has. Between September 
and November, electricity consumption increases and the 
HDOs reach the highest values, however, having a high 
number of HDO implies an increase in the frequency of use 
of a room and, therefore, of spending less energy due to the 
non-administration or proper allocation of the rooms 
according to the use of electricity. Between December and 
January, the HDO and the consumption of electricity 
decreases due to the end of the year festivities, but between 
February and March the consumption of electricity and the 
HDO increases due to the cultural festivities. On the other 
hand, figure 3 shows in the month of March there was an 
atypical behavior in consumption since most of the guests 
stayed the longest outside the hotel and only came to rest in 
the early morning due to the Carnival. 
 In similar environmental conditions, there are several 
researches in which it is suggested that the ambient 
temperature under certain conditions does not have a 
significant impact on the variability of electric power 
consumption [5]. In the hotel under study (Barranquilla, 
Colombia), the ambient temperature influences the energy 
consumption because it is between 22.3 ° C and 33 ° C, 
however, it has little variability on the energy consumption in 
the period of study because it is seasonal and varies little 
throughout the year [34]. Therefore, its participation on 
energy indicators is ruled out. 
 
2.3 Selection of energy efficiency indicators and 
establishment of the base line, target line and potential 
savings. 
The Energy Performance Indicators (IDEn) have the purpose 
of evaluating energy efficiency and monitoring it [23, 25]. In 
the specific case of hotels, several studies recommend the use 
of indicators by the relationship of energy consumption and 
the level of occupation generally evaluated as HDO  [35, 16, 
5, 35, 36, 37, 17, 38]. Other authors propose the use of 
indicators obtained from the relation energy consumption and 
the built area of the hotel (kWh / m2) mainly, for comparative 
studies of energy efficiency between different tourist facilities 
[1, 35, 37].  
 Figure 4 shows the baseline and the target line of the 
hotel's electricity consumption, the coefficient of 
determination reached is R2 = 0.78 greater than 0.6, the limit 
indicated in the literature to consider that the model is 
effective [27, 9, 28, 29] . The baseline, serves as a reference 
for the behavior of energy consumption and occupation in 
2016. With this, energy not associated with occupation is 
identified with a value of 20,476 kWh. The slope of the 
baseline represents the energy associated with the occupation. 
 Figure 4 shows that the intercept with the vertical axis of 
the two lines (baseline and target line) represents the energy 
consumption of the hotel without guests. In Figure 4, the 
target line shows a good expectation of energy efficiency as a 
savings opportunity considering that 58.3% of consumption 
data are below the baseline. That 58.9% of the data are below 
the baseline indicate that the hotel has had more than 50% of 
the total operating states, efficient. These operating states or 
conditions can be replicated to save electricity. 
 







































































































































Base line = 19,189•HDO + 20476
R² = 0,7801
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2.4 Energy diagnosis and identification of areas with 
significant use of energy 
In the energy review, the current state of the equipment and 
the bad operational practices are evaluated in order to identify 
the areas with the highest energy consumption and to 
potentiate the processes. The physical areas of the hotel that 
involve the relevant processes (food, lodging, administration 
and recreation) were subdivided (parking, laundry, kitchen, 
storage, rooms, lobby, administrative area and bar). For the 
energy diagnosis the following steps were followed: 1. 
Analysis of the diagram or electrical plans of the hotel; 2. 
Measurement of energy consumption in the different areas of 
installation; 3. Identify the areas with reasonable use of 
electricity; 4. Identification of bad operational practices; 5. 
Hotel loading census; 6. Identify the main electricity 
consuming equipment or systems and 7. Savings proposal.  
 Figure 5 shows the areas of greatest electricity consumption 
of the hotel.  
 
 
Fig. 5. Electricity consumption by area. 
 
  
 The following is concluded from the energy diagnosis: 
 
1. The areas with the greatest electrical consumption 
are the rooms, lobby and administrative area with 
more than 80% of the energy consumption. The air 
conditioning system in the administrative and lobby 
area is available 24 hours a day regardless of the 
thermal load at a set point temperature of 16 ° C. 
2. There is a poor management of the rooms in relation 
to energy consumption. The personnel in charge of 
allocating the rooms to guests do so randomly, thus 
causing the use of different air conditioning systems 
in the corridors without there being any the need in 
productive terms. 
 
 Figure 6 shows the consumption of electricity by 
technological systems. 
 The greatest electricity consumption comes from the air 
conditioning system, which coincides with the results shown 
in figure 5, since the areas with the highest energy 
consumption use it intensively, therefore the actions for 
reducing the energy consumption should concentrate on this 
system and the proper use of the equipment that composes it.  
 
 
Fig. 6. Electrical consumption by technological system. 
 
 
2.5 Implemented savings measures  
Four savings measures were identified through an energy 
review of the air conditioning systems and three were 
immediately implemented: 
 
1.  The random room allocation system that caused the 
simultaneous use of climate control equipment in several 
floors not fully occupied, is replaced by the programmed 
assignment for floor-to-floor occupancy, staggering the start-
up of the air conditioning equipment.  
2. Implementation of a protocol of operation for the air 
conditioning equipment, fixing the lag of the operating 
temperature without affecting the comfort of the guests. 
Currently, the temperature is set at 16 degrees Celsius without 
considering that for each degree below the temperature 
actually required an additional 7 and 8% of electricity is 
consumed [19]. For this, the thermal sensation for the 
conditions in Barranquilla was evaluated, where the relative 
humidity averages between 77% and 90%. 
 
 To evaluate the thermal sensation, the adjusted 
Refrigeration Power equation was used [39, 40] which 
considers the relative humidity parameter, the variation of the 
ambient temperature and the height. The thermal sensation is 
classified in 7 levels.  
 
Table 2. Thermal comfort index [40, 39]. 
Comfort index Thermal sensation 
0 to 3 Scorching 
3.1 to 5 Hot 
5.1 to 7 Warm 
7.1 to 11 Agreeable 
11.1 to 13 Cool 
13.1 to 15 Cold 
Mayor to 15 Freezing 
 
 The equation used for its calculation was: 
 
𝐼𝐶 = (36.5 − 𝑡) ,0.05 + /
012




 Where IC is the comfort index, h is the relative humidity 
(%) and t is the local ambient temperature in Celsius. 
 
 Then the set point for a humidity of 83,5% and a 7,1 
comfort index is:  𝑡 =18 C° 
 From the results, it is concluded that the set point 
temperature can be increased in order to reduce the energy 
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temperature of the air conditioning system in the Lobby and 
in the administrative area to be changed to 18ºC for the hours 
between 11:30 am to 2:30 pm, thus setting up a nice thermal 
sensation index. For the rest of the operating hours, a set point 
temperature between 22°C and 23°C was used 
experimentally, considering guest satisfaction surveys 
regarding the thermal sensation. The survey showed a result 
of 95% pleasant feeling. 
In the rooms a standard set point temperature of 20°C was 
implemented, which must be set by the staff in charge, 
however the guests can modify it to their liking. 
3. Reduction of the operating hours of the air conditioning 
system in the lobby, disconnecting it between 2:00 a.m. and 
5:00 a.m., taking advantage of the decrease in the thermal load 
due to the lack of people and the smaller difference between 
the ambient temperature and the comfort at that time. 
4.  Incorporation into the service protocol in the rooms of the 
following actions that contribute to energy saving: 1. Set the 
temperature selector of the refrigerator in economic mode if 
there is no guest, 2. Close the curtains of the windows 
whenever possible in order to decrease the thermal load 
produced by the radiation coming from the Sun; 3. Increase 
the cleaning frequency of the air filters in the air conditioning 
systems in order to maintain the amount of refrigerated air and 
4. Periodically cleaning the water pipes of the cooling system. 
 
 
3. Results and discussion 
 
Figure 8. Shows the base indicator 100 before and after 
implementing the energy saving measures. The base 100 
efficiency indicator shows the energy performance by 
facilitating the analysis of the energy consumption for a 
period in relation to the initial baseline. This is used to know 
if the energy consumption was efficient or not in relation to 







Fig. 8. Base 100 Indicator. 
 
 After applying the saving measures, the energy 
consumption improved in relation to the baseline in each 
month and energy efficiency was increased (see figure 8), 
because the base 100 indicator was greater than one hundred 
in all the months during which the saving measures were 
implemented. 
 Figure 9 shown the Graph of tendency or CUSUM 
accumulated amounts. The graphical indicator of trend or 
accumulated sums indicates the variation of energy 
consumption in relation to a given period, thus indicating the 
amount of current saved energy considering current 




 In Figure 9,shows that after the implementation of the 
saving measures, the energy consumption is in an area of 
conformity, that is, below 0. The points indicate that the 
current energy consumption compared to the consumption of 
the baseline before implementing the savings measures, are 
lower in relation to the same occupation (HDO), therefore, the 
energy savings are greater. However, although the trend graph 
is satisfactory, care must be taken in periods where the slope 
tends to be parallel to the horizontal axis as in the case of the 
period between November and December. 
 
 
Fig. 9. Trend chart or accumulated sum of consumption in the months 
of implementation of the savings measures. 
 
 
 After implementing the saving measures it is possible to 
determine the energy savings by comparing the baseline with 
the actual consumption during the implementation period of 
the savings measures. 
 
Fig. 10. Results of the implementation of the savings measures in the 
hotel. 
 
  Figure 10 shows that the trend of energy consumption 










 The energy savings during the implementation period of 
the energy planning would be the sum of the monthly % 
energy savings. 
  
% Total Energy Savings = 19.37% 
 
 The reduction of the hotel's energy consumption was 
19.37% compared to the previous period. In Figure 10, it can 
be seen that the results in terms of energy efficiency were 
greater than the baseline and the target line, ratifying the 
effectiveness of the savings measures carried out. With this, 
it is shown that the savings measures were effective along 
with the development of good practices in the processes 
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observed that in some of the months its effectiveness 
decreases, justified by management due to the high levels of 






The proposed methodology to implementing energy planning 
ISO 50001 procedure in Colombian tropical hotels was 
validated in a hotel in Barranquilla , the result shows a 19.37 
% of energy savings throughout energy-saving measures 
implementation, mainly focused in bedrooms management 
and air conditioner systems improvement. Also, the poor level 
of energy management capacity was identified.  
 The energy performance and energy baseline applied 
shows its usefulness and evidenced that outdoor temperature 
and rooms occupied days are the main variables which 
influence in electricity consumption. The applied 
methodology is able for use in other hotels in the region. 
 
This is an Open Access article distributed under the terms of the Creative 
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